12 177 purified using Exo-SAP digestion with Exonuclease I (USB Corp., Cleveland, OH, 178 USA) and shrimp alkaline phosphatase (SAP) (Promega, Fitchburg, WI, USA) at 37°C 179 for 20 min and then treated at 80°C for 30 min to inactivate the enzymes. The PCR 180 products were sequenced using the primers described above and DYEnamic ET Dye 183 The nucleotide sequences were trimmed, assembled, and translated using Sequencher 
199

CE-TOFMS
200 Approximately 45 mg of a frozen individual was plunged into 1.5 ml of 50% 201 acetonitrile/Milli-Q water containing internal standards (H3304-1002, Human 202 Metabolome Technologies, Inc., Tsuruoka, Japan) at 0°C to inactivate the enzymes. The 203 individual was homogenized three times at 1,500 rpm for 120 s using a tissue 204 homogenizer (Shake Master neo, Bio Medical Science, Tokyo, Japan), and then the 205 homogenate was centrifuged at 2,300 × g at 4°C for 5 min. Subsequently, 800 µL of the 206 upper aqueous layer was centrifugally filtered through a Millipore 5 kDa cutoff filter at 207 9,100 × g at 4°C for 120 min to remove proteins. The filtrate was centrifugally 208 concentrated and re-suspended in 50 µl of Milli-Q water for the CE-MS analysis. 
A CE-TOFMS analysis was conducted using an Agilent CE Capillary Electrophoresis
235
LC-TOFMS
236 Approximately 45 mg of a frozen specimen was plunged into 0.5 ml of acetonitrile 237 containing 1% formic acid and internal standards (H3304-1002, Human Metabolome 15 238 Technologies, Inc., Tsuruoka, Japan) at 0°C to inactivate the enzymes. The specimen 239 was homogenized three times at 1,500 rpm for 120 s using a tissue homogenizer (Shake 240 Master neo), and then 167 µl of Milli-Q water was added and homogenized once at 241 1,500 rpm for 120 s. The homogenate was centrifuged at 5,000 × g at 4°C for 5 min.
242 The supernatant was used as a sample for the LC-TOFMS analysis, and a precipitate 243 was homogenized once with 0.667 ml in the same solution at 1,500 rpm for 120 s. The 244 homogenate of the precipitate was centrifuged at 5,000 × g at 4°C for 5 min. Both 245 supernatants were mixed and centrifugally filtered through a Nanosep 3K (PALL Co., 246 NY, US) at 9,100 × g at 4°C for 120 min to remove proteins. Solid phase extraction was 265 aluminum as well as other major metals, such as calcium, magnesium, potassium, and 266 sodium, in various parts of the exoskeleton (Fig. 1, Table 1 ). Calcium was most 267 abundant in metal ions. Aluminum was widely distributed throughout the entire body, 268 and an especially high content of aluminum was observed in the tail (telson) and along 269 the edge the feet (pereopods, or uropods) ( Fig. 1b-e, Supplementary Fig. 1 ). However, 270 silicon, which is the major component of the clay mineral aluminosilicate [28, 29], was 271 not observed; therefore, the aluminum in the exoskeleton was not derived from the 272 aluminosilicate itself in sediment. We repeated the same analysis with other H. gigas 273 individuals and obtained similar results, including a high aluminum content in their 274 telson (S1, 2 Fig.) . Similar to the amphipods from the Mariana Trench, the H. gigas 275 specimens captured from the Izu-Ogasawara Trench also had aluminum in their 276 exoskeleton (S3 Fig.) . To identify whether the aluminum accumulated into exoskeleton 17 277 or adhered to surface of exoskeleton, we observed aluminum existence after washing 278 the surface of H. gigas individuals with distilled deionized water (DDW). The 279 aluminum was clearly removed from exoskeletons (Fig. 2) . Therefore, the aluminum 280 covered the surface of exoskeleton rather then accumulation in the internal part of 281 exoskeleton. A comparison was performed to investigate the aluminum in the 282 exoskeleton of a shallow-sea, coastal amphipod that was captured from Maizuru Bay in 283 Japan and identified as Prontogenesia sp. based on the amino acid sequence of 284 cytochrome oxidase (S4 Fig.) . Compared with the deep-sea amphipods, the SEM/EDS 285 analysis of the exoskeletons of Prontogenesia sp. did not show an aluminum peak (S5 286 Fig.) . To date, aluminum content has not been reported in the exoskeletons of 287 crustaceans; however, we contend that exoskeletons containing aluminum is a unique 288 property of hadal amphipods. 322 signals from sample holder. We also observed the internal exoskeletons of the 323 amphipods captured from the Izu-Ogasawara Trench, and did not found any aluminum 324 peak in STEM/EDS analysis (S6 Figure) . 327 Exoskeletons of H. gigas captured from the Challenger Deep were removed from the
